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Pulmonary function in normal non-smoking black 
Southern African adults 
M. H. SHAMSSAIN 
Department of Physiology, Faculty of Medicine and Health Sciences, University of Transkei, Umtata, 
Transkei, South Africa 
Forced vital capacity (FVC), forced expiratory volume in one second (FEV,), forced expiratory ratio 
(FEV,/FVC x 100) and forced mid-expiratory flow between 25% and 75% of FVC (FMF) were measured in 
3000 lifelong non-smoking Xhosa black Southern African adult population aged 20-60 yr from Umtata in the 
Transkei in Southern Africa. FVC, FEV, and FMF were highly correlated with each other and all were highly 
correlated with age and standing height. The normal ranges for spirometric measurements were narrower than 
in many previous studies. Mean FVC in the present study was 13% higher than predicted values from other 
African adults. The present study is the most recent and the largest study of black Africans using the American 
Thoracic Society 1987 selection criteria of pulmonary function curves and can be used as a reference value for 
mainly Xhosa black Southern African adult population. 
Introduction 
Pulmonary function studies have been carried out 
in various population to establish reference values 
and formulae from which normal values can be 
predicted according to age, sex, and standing height. 
These references or normal values of respiratory 
function, which have been shown to depend on the 
ethnic and racial origin of the population, are used to 
identify abnormal values and hence the nature and 
degree of functional abnormality. 
The aim of this study was to obtain reference 
values of pulmonary function for normal adult 
Xhosa population in South Africa using the 
American Thoracic Society 1987 selection criteria (1) 
for selection of normal subjects and reading of 
pulmonary function test curves. 
This the most recent and the largest study of black 
Africans using the above mentioned criteria to be 
reported. 
Subjects and Methods 
Subjects were accepted to participate in the present 
study if they were lifelong non-smokers, had no 
history of respiratory or other serious illnesses and 
gave negative replies to a modified Medical Research 
Council respiratory questionnaire. Three thousand 
life time non-smoking, healthy black Southern 
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African adults aged 20-60 years from various sec- 
tions of the community in Umtata, Transkei in South 
Africa, were included in this study. We have 
explained the goal of our study to the head of each 
section of the community and also to the participants 
and we obtained their permission to conduct the 
study. We also placed advertisements asking people 
to participate in the study. 
All the subjects were black Africans from the 
Xhosa-speaking population (total population in 
Southern Africa is around 10 millions) of the same 
socioeconomic status and similarly active. Subjects 
were randomly selected from various sections of the 
community with the following lapse rates: govem- 
ment office employees (3%), mature university 
students (2%), teachers (3%), nurses (4%) private 
sector (3%), bank and business employees (3%), and 
rural population (5%). 
Transkei is located on the Indian Ocean and has a 
population of 4.0 million (latitude 3 l”19’S, longitude 
28”39’E). 
A questionnaire from the British Medical Research 
Council was modified for this population. A local 
Xhosa-speaking interviewer helped in filling in the 
questionnaire. We applied the American Thoracic 
Society 1987 selection criteria and therefore subjects 
were excluded from the study due to (a) presence of 
respiratory symptoms such as cough, sputum produc- 
tion, wheezing, (b) presence of physician-diagnosed 
respiratory disease such as asthma, bronchitis, 
emphysema, or tuberculosis, (c) hospitalization for 
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Table I Mean @EM) of anthropometric and spirometric values in males 
fw (W 
Variable 
2629 3c39 4&49 5060 
(n=545) (n=434) (n=345) (n=300) 
Height (cm) 168.8 168.6 168.9 168.2 
(0.20) (0.35) (0.59) (0.88) 
Weight (kg) 65.9 71.5 74.2 76.8 
(0.25) (0.57) (1.09) (1.72) 
FVC (1) 4.49 4.15 3.84 3.51 
(0.02) (0.03) (0.06) (0.08) 
FEV, (1) 3.38 3.06 2.78 2.45 
(0.02) (0.03) (0.04) (0.07) 
FEVJFVC Ratio 75.59 73.74 72.99 69.94 
(0.34) (0~~) (0.79) (1.48) 
FMF (1 s- ‘) 3.79 3.12 2.79 2.34 
(0.04) (0.05) (0.08) (0.14) 
F’VC, forced vital capacity; FEV,, forced expiratory volume in 1 s; FEVJFVC x 100, forced 
expiratory ratio; FMF, forced mid-expiratory flow between 25% and 75% of FVC. 
lung or chest condition, (d) the presence of heart 
disease, (e) employment exposure, (f) cigarette smok- 
ing, and (g) history of past disease and respiratory 
symptoms. Sixty-six subjects were rejected because 
they were unable to perform spirometric tests 
adequately; they were either coughing during the test 
or unable to complete the test. Forced expiratory 
volumes were measured with an expired gas bellows 
spirometer (Vitalograph Compact) with the subject 
standing and wearing a nose clip. The spirometer was 
calibrated with a 1 1 precision syringe (Vitalograph, 
Inc). We have applied the American Thoracic Society 
1987 criteria (1) for selection of best pulmonary 
function curve. The criteria were as follows: 
(a) extrapolated volume should be either ~5% of 
forced vital capacity (FVC) or ~0.1 1, whichever is 
greater, (b) at least three FVC manoeuvres are 
required, no more than eight, (c) two largest FVC 
manoeuvres should be within 5% or 0.1 1, whichever 
is greater, (d) end of test: plateau of 2 s and at least 
6 s effort unless presence of an obvious plateau, 
(e) best test is recorded sum of largest FVC and FEV, 
(forced expiratory in 1 s), independent of curves, 
(f) FVC is recorded from the greatest value, (g) FEV, 
is recorded from the greatest value, (h) two largest 
FEV, should be within 5% or 0.1 1, whichever is 
greater, and (i) absence of coughing during the 
manoeuvre. 
The following measurements were obtained from 
the spirometer: forced vital capacity (FVC), forced 
expiratory volume in 1 s (FEV,), forced expiratory 
ratio (FEVJFVC x loo), and forced mid expiratory 
flow between 25% and 75% of FVC (FMF). All 
volumes were converted to body temperature and 
pressure saturated (BTPS). The same equipment and 
observer were used for all subjects and the recordings 
were made between 08.00 and 16.00h over 11 months. 
The mean (SD) of ambient temperature was 22 (2)“C. 
Age was calculated to the nearest 6 months from 
birth certificates (Table 1). Standing height was 
measured to 0.1 cm with a portable stadiometer 
according to the recommendations of the Inter- 
national Biological Programme (2). 
The data were analysed by multiple regression of 
the lung function measurements on the independent 
variables: age and standing height. Calculations were 
performed by means of the Statistical Analysis 
System (SAS 2.6) (3). 
Results 
The mean and SEM of physical and pulmonary 
variables in males and females are shown in Tables 1 
and 2. Tables 3 and 4 show the multiple regression 
coefficients in equations using standing height and 
age as explanatory variables. This allows prediction 
of pulmonary function according to age and standing 
height. For example, predicted FVC (1); 
in males=0.041 (height in cm) -0.031 (age in 
year) - 1.684, 
in females=0.035 (height in cm)-0.024 (age in 
year)- 1.712. 
FVC, FEV,, and FMF were highly correlated with 
each other and all were highly correlated with age 
and standing height. All lung function values were 
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Table 2 Mean @EM) of anthropometric and spirometric values in females 
Age (yr) 
Variable 
2029 3039 4049 so-59 
(n=425) (n=319) (n=335) (n=297) 
Height (cm) 
Weight (kg) 
FVC (I) 
FEV, 0) 
FEVJFVC Ratio 
FMF (1 s-‘) 
157.6 157.3 
(0.31) (0.32) 
64.7 73.8 
(0.52) (0.78) 
3.20 2.99 
(0.03) (0.02) 
2.49 2.28 
(0.02) (0.02) 
78.57 75.86 
(0.47) (0.51) 
2.96 2.49 
(@W (0.05) 
156.3 
(0.57) 
74.6 
(1.32) 
264 
(0.05) 
1.95 
(0.04) 
74.23 
(0.93) 
2.02 
(0.13) 
157.1 
(0.80) 
76.6 
(1.81) 
244 
(0.06) 
1.76 
(0.05) 
72.41 
(1.30) 
1.99 
(0.08) 
Abbreviations as in Table 1. 
Table 3 Multiple regression coefficients in equations using age and height as explanatory 
variables (standard errors in parentheses) in males 
Dependent 
variable Constant Age (yr) 
Independent variables 
Height (cm) sy.x R2 
FVC (1) - 1.6843 
(0.4576) 
** 
FEV, (1) -0.0610 
(0.3913) 
FEVJFVC x 100 97.9596 
(6.5807) 
** 
FMF (1 s- i) 1.3413 
(0.7589) 
- 0.0309 
(00019) 
** 
- 0.0294 
(00016) 
** 
-0.1689 
(0.0275) 
** 
- 0.0505 
(0.0032) 
** 
00409 0.67 0.26 
(0.0026) 
** 
0.0245 0.57 0.32 
(0.0022) 
** 
-0.1084 0.52 0.37 
(0.0384) 
* 
0.0215 0.46 0.35 
(0.0044) 
** 
*&@ol; **P<@~l; NS P>0.05. 
FVC, forced vital capacity; FEV,, forced expiratory volume in 1 s;FEV,/FVC x 100, forced 
expiratory ratio; FMF, forced mid-expiratory flow between 25% and 75% of FVC; R2, 
proportion of the variability in the data explained by the fitted model; Sy.x, average residual 
deviation about the regression line. 
negatively related to age (P<ON)l) and, apart from 
FEVJFVC ratio, increased with standing height 
(P<O.OOl). The regression equations for FVC 
obtained in the present study are compared with 
those based on other populations in Table 5. 
After age and height have been allowed for, a 
significant difference in lung function indices between 
males and females was still evident. Comparing pul- 
monary function values between the present study 
(lifelong non-smokers) and a group of ex-smokers 
from the same population, we found no significant 
difference in pulmonary function between the two 
groups. Further data may be obtained from the 
author. 
Discussion 
The objective of the present study was to conduct a 
recent study of black South African adults and to 
derive prediction formulae from measurements of 
ventilatory function using the ATS 1987 selection 
criteria (1). 
Patrick (4) reported FVC value of 4.0 1 for African 
men adjusted to 1.65 m and 35 year. This value is the 
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Table 4 Multiple regression coefficients in equations using age and height as explanatory variables 
(standard errors in parentheses) in females 
Dependent 
variables Constant Age W 
Independent variables 
Height (cm) R2 sy.x 
FVC (1) - 1.712 
(0.459) 
FEV, (1) - 0.473 
(0.366) 
FEVJFVC Ratio 108.189 
(8.084) 
FMF (1 s-i) 1.464 
(0.782) 
- 0.024 0.035 0.36 0.52 
(0.002) (0.003) 
*** *** 
- 0.024 0.023 0.32 0.61 
(0.001) (0.002) 
*** *** 
- 0.233 -0.152 0.30 0.50 
(-0.033) (0.050) 
*** ** 
- 0.036 0.015 0.31 0.56 
(0.003) (0.005) 
*** *** 
*P<0.05. **PC@ol; ***P>@ool; NS Pa0.05. 
Abbreviations as in Tables 1 and 3. 
Table 5 Equations predicting FVC for different black male populations 
Predicted FVC (1) at 170 cm, 70 kg 
Population n Regression Equation 20 yr 40 yr 60 yr 
Present Study 1624 
Black Americans (5) 79 
Black Americans (6) 517 
Black Americans (7) 128 
Black Americans (8) 147 
Black Americans (9) 120 
Bantu (10) 
Rumba from Upper 
Volta (11) 
Black Africans (12) 
120 
81 
284 
FVC=O.O41H-O.O31A-1.684 
R2=0.266 
FVC=O.O40H - O.O21A- 1.840 
R2=0.360 
FVC=O.O58H - O.O25A-4.250 
R=0650 
FVC=O.O65H - O.O29A- 5.460 
R2=0.670 
FVC=O.O58H - 0.019A- 5.400 
FVC=O.O55H - 0.000212A 
+0.58881nW 
+O.O0002163HW- 18.070 
R2=0.380 
FVC=( - 2835~86+37~51H)/lOOO 
R2=0.210 
FVC=O.O51H -O.OlSA-4.560 
FVC-0.045H-O.OlSA-3.25 
R2=0.690 
4.66 4.05 3.43 
4.54 4.12 3.70 
4.49 3.83 3.27 
4.26 3.77 3.27 
4.08 3.70 3.32 
3.86 3.60 3.18 
3.54 
3.85 3.45 
4.04 3.68 3.32 
3.54 
A: age in years; H: height in cm; W: weight in kg; R': proportion of the variability in the data explained by the fitted model. 
Reference (5) refers to coalminers who could have had large lungs for reasons related to their employment. 
same as the value (3.9 1) obtained in the present 
study. 
Predicted FVC value in the present study was 
about 13% higher than the predicted values in 
African adults for the same height and age 20 year 
(Table 5). However, one black American group 
studied (5) were coalminers who could have had 
large lungs for reasons related to their employment. 
Pulmonary function has a relation to sitting height 
so that variation in trunk to leg length ratio 
between different groups might explain part of these 
differences in pulmonary function. 
In the present study we used all the ATS 1987 
criteria (1) and thus we minimized the sampling 
errors, selected the true ‘normal’ subjects, and 
selected the best pulmonary function curves. This 
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procedure helped to establish an accurate pulmonary 
function results of our subjects in the present study 
and can, therefore, provide a better reference values 
of black South African adults. The normal ranges for 
spirometric measurements in the present study were 
narrower than in many previous studies. 
2. 
3. 
4. 
The present data are derived from real healthy 
lifelong non-smoking black Southern Africans and, 
taking the large variation of body shape in black 
Africans into account (for example the body stature 
of Pygmies versus that of Massai), can be used as 
reference values for mainly Xhosa black Southern 
African adult population. 
5. 
6. 
7. 
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